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(54) Thermoplastic resin composition and shaped articles thereof 



(57) Described are a thennoplastic resin connposi- 
tion containing (A): one or more rubber reinforced ther- 
nnopiastic resins. (B) : one or more acrylic resins and 
(C) : one or more thermoplastic norfoornene resins, and 
further containing (D): one or more styrenic resins other 
than (A) and (E) : coloring agents as needed, and a 



shaped article obtained by fonning the composition. De- 
scribed thermoplastic resin composition is excellent in 
heat resistance, strength and processability, and excel- 
lent in laser marking properties, so that it is useful for 
various applications. 



LU 



Prmted by Jouve, 75001 PARIS (PR) 



SDOCID: <EP 1223l95A2_l_> 



EP 1 223 195 A2 



Description 



FIELD Oh I Hb INVENTION 



!.°r!.°«L '''^T^ '^'^'^^ '° ^ composition containing one or more rubber reinforced thermoplastic resins 

Of IntL '"^e-^oP f tic norbomene resins, and further to shaped articles thereof, which exhibits good visibility 

of pnnted areas and excellent marking adaptability by in-adiation of laser beams. 

BACKGROUND OF THE INVENTION 

n '^"''''^^7fJ"f°«=e^ thermoplastic resins represented by ABS resins are excellent in their strength and proc- 
essabihty, so that they have widely been used for various applications as shaped articles 

[0003] As to shaped articles, designs such as letters, symbols, patterns and pictures are printed on surfaces thereof 
by tampon printing or silk-screen printing, and such shaped articles have been used for various applications However 
these methods have problems such as poor printing caused by scattering of ink, and difficulty of printing on uneveri 
areas and pnnting of minute leners. Further, when consideration is given to recycling of shaped articles on which the 
designs are pnnted by tampon printing or silk-screen printing, It is necessary to recycle shaped articles after removal 
o pnnted areas. With respect to recent market needs toward recycling and environmental correspondence methods 
of doing printing with lasers have been employed. 

10004] However, when the rubber reinforced thenmoplastic resins such as ABS resins are applied to applications 
rl'^r H^'^ r '^""^'"^ resistance and used for laser marking, they have problems that the degree of 

color development and the clarity of letters or symbols are insufficient. 

[0005] On the other hand, as thermoplastic norbomene resins, there have been known addition {co)polymer8 of 
norbornene derivatives and ring-opening (copolymers of norbomene derivatives. These thermoplastic norbomene 
resins have good optical properties, low moisture absorption and excellent heat resistance, so that applications thereof 
in vanous fields have been expected. oHK-^aiions inereoi 

[0006] However, thermoplastic nortjomene resins have disadvantages of low impact resistance and poortoughness 
Japanese Patent Laid-open Publication (Sho) 57-3701 discloses that mbber polymers are mixed with noSe^e 

r '^'l^^ disadvantages. However, the sufficient effect can not always be obtained, and other 

erties thereof are rather deteriorated in some cases. 

Recently, needs of durability under hard conditions such as high temperature and humidity to resin materials 
b«:orne strong, so that new resin materials which have not only good mechanical properties and adaptability for laser 
mari<ing. but also excellent durability under hard conditions. H«»""«y lor laser 

SUMMARY OF THE INVENITON 

[0008] The present inventors have conducted intensive investigation on above-mentioned problems. As a result the 
mvento^ have discovered that a themioplastic resin composition which haveexcellent heat resistance, strength, tough 
nr rn^r^ ?nKr^ ^ ^^r and adaptability for laser marking is obtained by further adding one or more acrylic resins to one 
theTventbS •hem.oplastic resins and one or more themioplastic norbomene resins, thereby completing 

[0009] According to the present invention, new thenmoplastic resin composition containing (A): one or more rubber 
reinforced them^oplastic resins (component (A)), (B) : one or more acrylic resins (component (B)) and (C) ■ one or more 
themioplastic norbomene resins (component (C)) is provided. cinu iw; . one or more 

o?JS! ^7^*j'^^'^°P'as"c resin composition contains, preferably. 1 part to 95 parts by weight of component (A) 1 
^ATnZT,nlT ' " ^^-^P""^"' ' '° 95 parts by weight of component (C). and mo'e preferably 

IJXV^ IfT ' °' *=°'^P°"«"' 2 parts to 50 parts by weight of component (B) and 10 parts to 80 

parts by weight of component (C) (wherein (A)+(B)+(C) = 100 parts by weight). P ^ lo ou 

ioJlJnJn.nwrf '°J^^ P'®""* invention, there is provided a themioplastic resin composition containing 
componen (A component (B), component (C) and (D): one or more styrenic resins other than those included in 
component (A) (component (D)). 

^°°Jf^ nJ^*" thcnnoplastic resin composition contains, preferably, 1 part to 95 parts by weight of component (A) 1 
part to 90 parts by weight of component (B), 1 part to 95 parts by weight of component (C) and 1 part to 95 parts by 
weight of component (D) (wherein (A) ^ (B) + (C) -i- (D) = 1 00 parts by weight). P ns oy 

[0013] Furthemiore, the present invention provides shaped articles obtained by forming above-mentioned themio- 
plastic resin composition, and further provides shaped articles in which maricing is made with laser beams 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Component (A): Rubber Reinforced Thermoplastic Resins 

i 

[0014] Rubber reinforced thermoplastic resins are copolymers obtained by, for example, copolymerizing rubber pol- 
ymers with monomers copolymerizable therewith or monomer mixtures such as aromatic vinyl compounds, vinyl cya- 
nide compounds, (meth)acrylates, maleic anhydride, malelmlde compounds and other vinyl monomers copolymeriz- 
able therewith. I 

[001 5] Examples of rubber polymers f orobtaining component (A) include ethylene-a-olefin copolymers such as eth- 
ylene-propylene random and block copolymers and ethylene-butene random and block copolymers; ethylene-unsatu- 
rated carboxylic acid ester copolymers such as ethylene-methacrylate and ethylene-butyl acryiate copolymers; ethyl- 
ene-fatty acid vinyl copolymers such as ethylene-vinyt acetate copolymers; ethylene-propylene-non-conjugated diene 
terpolymers such as ethylene-propylene-ethylidenenorbornene and ethylenepropylene-hexadiene copolymers; ran- 
dom and block copolymers of polybutadiene, isoprene and styrene-butadiene, and hydrogenated products of these 
random and block copolymers; diene rubber such as acrylonitrile-butadlene and butadiene-isoprene copolymers; buty- 
lene-isoprene copolymers; and silicone rubber. These can be used not only alone, but also as a combination of two or 
more of them. 

[0016] Of these, rubber polymers preferred in terms of their properties are diene rubber, ethylene-propylene rubber 
and ethylene-propylene-non-conjugaled diene terpolymers. 

[0017] Examples of aromatic vinyl compounds copolymerized in the presence of rubber polymers include styrene, 
a-methylstyrene, p-methylstyrene, vinylxylene, monochlorostyrene, dichlorostyrene, monobromostyrene, dibromosty- 
rene, p-t-butylstyrene, ethylstyrene, vinylnaphthalene and dimethylstyrene. These can be used not only alone, but also 
as a combination of two or more of them. Of these, preferably used is styrene. 

[0018] Examples of maloimide compounds include maleimide, N-methylmaleimide, N-ethylnnaleimide, N-phenyl- 
maleimide, N-o-chlorophenylmaleimide and N-cyclohexylmaleimide, and preferred are N-phenylmaleimide, N-o-chlo- 
rophenylmalelmide and N-cyclohexylmal^imide. These can be used not only alone, but also as a combination of two 
or more of them. | 

[0019] Examples of vinyl cyanide compounds include acryionitrile and methacrylonitrile. Of these, preferred is acry- 
lonitrile. - 

[0020] Examples of other copolymerizable vinyl compounds include alkyi acrylates such as methyl acryiate, ethyl 
acryiate and propyl acryiate; alkyl methacrylates such as methyl methacrylate, ethyl methacrylate and propyl methacr- 
ylate; and unsaturated acid anhydrides such as mateic anhydride, Itaconic anhydride and citraconic anhydride. These 

can be used not only alone, but also as ajcombination of two or more of them. 

[0021] Specific examples of component (A) as described above include acrylonitrilebutadiene-styrene resins (ABS 
resins), acrylonitrtle-ethylene-propylene-styrene resins (AES resins), methyl methacrylate-butadiene-styrene resins 
(MBS resins), acrylonitrile-butadiene-methyl meth aery late-sty rene resins (ABMS resins), acrylonitrile-n-butyl acrylate- 
styrene resins (AAS resins) and rubber-modified polystyrene (high Impact polystyrene). These can be used not only 

alone, but also as a combination of two or more of them. Of these, ABS resins are particularly preferred. 

t 
f 

Component (B): Acrylic Resins 

[0022] Acrylic resins include polymers of acrylic monomers and copolymers of acrylic monomers and other copoly- 
merizable monomers. 

[0023] Acrylic monomers include alkyl acrylates each having an alkyl group of 1 to 8 carbon atoms such as methyl 
acryiate, ethyl acryiate, propyl acryiate. butyl acryiate, hexyl acryiate and octyl acryiate; and alkyl methacrylates each 
having an alkyl group of 1 to 8 carbon atoms such as methyl methacrylate, ethyl methacrylate, propyl methacrylate. 
butyl methacrylate, hexyl methacrylate and octyl methacrylate. Component (B) can be obtained by (co)polymerizing 
at least one of these monomers. ; 

[0024] Of these monomers, preferred are methyl methacrylate and butyl acryiate. 

[0025] Further, monomers copolymerizable with acrylic monomers include aromatic vinyl compounds, maleimide 
compounds and vinyl cyanide compounds. 

[0026] Specific examples of these monomers Include monomers mentioned in the description of above-mentioned 
component (A). Of these, prefen-ed are styrene, p-styrene, a-methylstyrene, N-phenylmaieimide and N-cyciohexyl- 
maleimide. 

[0027] As to Component (B), when acrylic monomers and copolymerizable monomers are copolymerized, the com- 
position ratio of acrylic monomers to the total of acrylic monomers and copolymerizable monomers is from 3% to 97% 
by weight, preferably from 5% to 95% by weight, and more preferably from 1 0% to 90% by weight. 
[0028] Preferred examples of Component (B) include methyl methacrylate polymers and methacrylic acid-styrene 



» 1223195A2J_> 



3 



EP 1 223 195 A2 

copolymers. 

Component (C): Thermoplastic Norbornene Resins 

s [0029] Themioplastic norbornene resins used in the present invention include polymers shown in the following (1) 
to (5): 

(1) Addition polymers or ring-opening polymers of monomers represented by the following general formula (1) 
(hereinafter referred to as "specific monomers"); 
10 (2) Addition copolymers or ring-opening copolymers of specific monomers and copolymerizable monomers; 

(3) Hydrogenated polymers of above-mentioned ring-opening (co)po!ymers; 

(4) (Co)polymers obtained by cyclizing above-mentioned ring-opening (co)polymers by the Friedel-Crafts reaction, 
and then, hydrogenating the resulting products; and 

(5) Saturated copolymers of specific monomers and compounds containing olefinic carbon-carbon double bonds. 



20 



25 




wherein R1 to independently represent hydrogen atoms, halogen atoms, substituted or unsubstituted hydrocarbon 
30 groups or other polar groups each having 1 to 30 cari3on atoms which may have a linkage group containing one or 
more oxygen, nitrogen, sulfur or silicon atoms; R"" and R^, R3 and R^, or R2 and R^ may combine with each other to 
form a carbocyclic or heterocyclic structure which may be a monocyclic or polycyclic structure resulting in forming an 
aromatic compound or aliphatic compound; m is 0 or a positive integer; and p Is 0 or 1 (wherein when m is 0, p is also 0). 
[0030] It is preferred that component (C) obtained from above-mentioned specific monomers containing one or more 
35 kinds of polar groups in its molecular structure from the viewpoints of compatibility or dispersibillty of components (A) 
and (B), heat resistance, strength and excellent laser marking adaptability. 

<Specific Monomers> 

40 [0031] Preferred examples of specific monomers include monomers represented by above-mentioned general for- 
mula (1), wherein R^ and R^ independently represent hydrogen atoms or hydrocarbon groups each having 1 to 10 
carbon atoms; R2 and R"* independently represent hydrogen atoms or monovalent organic groups; at least one of R^ 
and R* represents a polar group other than a hydrogen atom and a hydrocarbon group; m is an integer of 0 to 3 
(preferably from 0 to 2, and more preferably 1); p is 0. 

45 [0032] Above-mentioned polar groups include a hydroxyl group, a cartsoxyl group, an alkoxy group having 1 to 15 
carbon atoms, an acyloxy group having 1 to 15 cartson atoms, an alkoxycarbonyl group having 1 to 15 carbon atoms, 
an aryloxycarbonyl group having 1 to 15 carbon atoms, a cyano group, an amino group, an amido group, an imido 
cyclic structure containing group, a silyl group and a silyl group partially or completely substituted with a halogen atom, 
an alkoxy group, or an acyloxy group. 

50 [0033] Of these, in particular, specific monomers having groups derived from alkoxycarbonyl group or an aryloxy- 
carbonyl group each having 1 to 15 carbon atoms, each of which is represented by - (CH2)nCOOR5 are preferred in 
that the thermoplastic resin compositions having high glass transition temperature and low moisture absorption are 
obtained. In above-mentioned formula relating to the groups derived from alkoxycarbonyl group or an aryloxycarbonyl 
group each having 1 to 15 carbon atoms, R^ is a hydrocarbon group having 1 to 12 cariaon atoms, and preferably an 

55 alkyi group. Further, n is usually from 0 to 5. Furthemriore, the lower value of n is preferred, because the glass transition 
temperature of the resulting thermoplastic resin compositions is increased. Furthermore, the specific monomers in 
which n is 0 are preferred, because of easy synthesis thereof. 

[0034] Examples of specific monomers represented by above-mentioned general fomriula (1 ) Include following com- 
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pounds: 

Bicyclo[2.2.1 )hepto-2-ene; 

Trlcyclo[5.2.1 .02.6]-8-decene; 
5 Tetracyclo f4.4.0.l2.5.i7.i0]-3.(jodecene; 

Pentacyclo[6.5.l. 13.6.02.7.09. ''3]-4-pentadecene; 

Pentacyclo[7.4.0.1 2.5.19.12 o8.i3].3.pentadecene; 

Tricyclo [4.4.0.1 2. sj-s-undecene; 

5-MethyIbicyclo(2.2.1]hepto-2-ene; 
10 5-Ethylbicyclo[2.2.1]hepio-2-ene; 

5-Methoxycarbonylbicyclo[2.2.1]hepto-2-ene; 

5-Methyl-5-methoxycarbonylbicyclo[2.2.1]hepto-2-ene; 

5- Cyanobicyclo[2.2.1]hepto-2-ene; 
8-ethyltetracyclo[4.9.0.1 2.5i7.i0].3.c!odecene 

15 8-Methoxycarbonyltetracyclo[4.4.0.l2.5.i7.iO].3.cjodecene; 

8-EthoxycarlDonyltetracyclo[4.4.0.l2.5.i7.i0].3.cjodecene; 

8-n-Propoxycart>onyUetracyclo[4.4.0.1 2.5.1 7.i0].3.cjoclecene; 

8-lsopropoxycarbonyltetracyclo[4.4.0.l2.5.i7.ioj_3.ciociecene; 

8-n-Buioxycarbonylielracyclo[4.4.0.l2.s.i7.i0].3.ciodecene; 
20 8-Methyl-8-methoxycarbonyltetracyclo[4.4.0.l2.5 -t7.i0].3.{jodecene; 

8-Methyl-8-ethoxycarbonyltetracyclot4.4.0.l2.5.i7,i0].3-clodecene; 

8-Methyl-8-n-propoxycarbonyltetracyclo[4.4.0.l2.s.i7.i0].3.cJodecene; 

8-Methyl-8-lsopropoxycarbonyltetracyclo [4,4.0.1 2.5. l7.i0].3_dodecene; 

8-Methyl-8-n-butoxycarbonyltetracyc!o[4.4.0.l2.s.i7.i0].3-ciodecene; 
25 Dimethanooctahydronaphthalene; 

Ethyltetracyclododecene; 

6- Ethy!idene-2-tetracyclododecene; 
Trimethanooctahydronaphthatene; 
Pentacyclo [8.4.0. l2.5.i9.i2.o8.i3].3_hexadecene; 

30 Heptacycio[8. 7.0. 1.3.6.1 10.17 1 12.15.02,7 oii.i6].4.eicocene; 

Heptacyclo[8.8.0.1'^ 7 .J 11.18 113.16 o3.8 oi2.i7].5.heneicocene; 

5-Ethylidenebicyclo[2.2.11hepto-2-ene: 

8-Ethylldenetetracydo[4.4.0.l2.5.i7.i0].3.clodecene; 

5-Phenylbicyclo[2.2.1]hepto-2-ene; 
35 8-Phenyltetracyclo[4.4.0.1 2.5.1 7.i0].3.dodecene; 

5-Fluorobicyclo[2.2.1]hepto-2-ene; 

5- Fluoromethylbicycfo[2.2.11hepto-2-ene; 

6- Trifluoromethylbjcyclo[2.2.1]hepto-2-ene; 
5-Pentafluoroethylbicyclo[2.2.1]hepto-2-ene; 

40 5,5-Difluorobicyclo[2.2.1 ]hepto-2-ene; 

5,6-Difluorobicyclo [2.2.1] hepto-2-ene; 

5.5- Bis(trifluoromethyl)bicyclo[2.2.1]hepto-2-ene; 

5.6- Bis(trifluoronnethyl)bicyc!ol2.2.1]hepto-2-ene; 
5-Methyl-5-trifluoromethy»bicyclo[2.2.1]hepto-2-ene; 

45 5,5,6-Trmuorobjcyclo(2.2.1]hepto-2-ene; 

5,5,6-Tris(fluoromethyl)bicyclo (2.2. 1 ]hepto-2-ene: 

5,5,6,6-Telrafluorobicyclo[2.2.1lhepio-2-ene; 

5,5,6,6-Tetrakis(trifluoromethyl)bicyclo[2.2.1]hepto-2-ene; 

5.5- Difluoro-6,6-bis(trifIuoromethyl)blcyclo[2,2.1]hepto-2-ene; 
so 5,6-Difluoro-5,6-bis(trifluoromethyl)bicyclo[2.2.1]hepto-2-ene; 

5,5,6-Trlfluoro-5-trifluoromethylbicyclo[2.2.1]hepto-2-ene; 
5-Fluoro-5-pcntafluoroGthyl-6.6-bis (trif!uoromethyl)-bicyclo[2.2.1]hepto-2-ene; 

5.6- Difluoro-5-hGptafluoro-iso-propyl-6-tnfluoromGthylbicyclo[2.2.1]hepto-2-enG; 
5-Chloro-5.6,6-trifluorobicyclo[2.2.1]hepto-2-ene; 

55 5,6-Dichloro-5,6-bis(trifluoromethyl)bicyclo[2.2.1]hepto-2-ene; 
5,5,6-Trlf luoro-6-trifluoromethoxybicyclo[2.2. 1 )hepto-2-ene; 
5,5,6-Trlfluoro-6-heptaftuoropropoxybicyclo[2.2.1]hepto-2-ene; 
8-Fluorotetracyclo(4.4.0. 12.5.1 7.i0].3,dodecene; 
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8-Fluoromethyltetracyclo[4 4.0.l2.5.i7,i0].3-dodecene: 

8-Difluoromethyltetracyclo [4.4.0.1 2.5.1 7.i0].3_cioclecene; 

8-Trifluoromethyltetracyclo [4.4.0.l2.5,i7,i0].3.(jo(jecene; 

8-Pentafluoroethyltetracyclo[4.4.0.l2.5.i7.ioj.3.doclecene; 

8, 8-Dif!uorotetracyclo [4.4.0.1 2.5. 1 7, i0].3,ciodecene; 

8, 9-Difluorotetracyclo [4.4.0.12.5 •j7,iO].3.ciodecene; 

8, 8-Bis (trifluoromethyl)tetracyclo[4.4.0.l2.5.i7.i0].3.tjoclecene; 

8, 9-Bls (trifluoromethyl)tetracyclo(4.4.0.l2,5i 7.i0].3.c|odecene; 

8-Methyl-8-trif luoromethyltetracycio [4,4.0.12.5.1 7,i0].3.cioclecene; 

8, 8, 9-Trifluorotetracyclo [4.4.0. l2.5/i7,i0].3.ciodecene; 

8, 8, 9-Tris (trlfluoromethyl) tetracycio [4.4.0.1 2.5.i7.i0].3.ciodecene; 

8,8,9,9-Tetrafluorotetracyclo[4.4.0.l2.5i7.i0].3.cjodecene; 

8,8,9,9-Tetrakis(trifluoromethyOtetracyclo-[4.4.0.l2.5.i7.iO].3.ciodecene; 

8.8- DifIuoro-9,9-bis(trlfluoromethyl)tetracyclo^4.4.0.l2.5.i7.iO].3.do^jecene; 
8, 9-Dmuoro-8, 9-bis{trifluoromethyl)tetracyclo-[4.4.0.l2.5.i 7.iO].3.ciodecene: 
8,8,9-Trjfluoro-9-thfluoromethyltetracyclo-[4.4.0.l2'5.l7.iO].3,cioclecene; 
8,8,9-Trifluoro-9-trifluoromethoxytetracyclo-t4.4.0.l 2.5 1 7.iO].3.ciodecene; 

8,8,9-Trifluoro-9-pentafluoropropoxytetracyclo-[4.4.0.l2.5.i7,iO].3.(jQciecene; 
8-Fluoro-8-pentanuoroelhyl-9,9-bis(trifluoromethyl)-tetracyclo[4.4.0.l2.5 ■|7jO].3^Q 

8.9- Dlfluoro-8-heptafluoroisopropyl-9-trifluoromethyltetracyclo [4A.0,A^'^,'\'7^^]-3-<iQ<iecene; 
8-Chloro-8, 9, 9-trifluorotetracyclo [4.4.0.1 2.5.1 7.i0].3.ciodecene; 
8,9-Dichloro-8,9-bis(trifluoromethyl)tetracyclo-(4.4.0.l2.5,-|7.i0].3.dodecene; 
8-{2,2,2-Trjf luoroethoxycarbonyl)tetracyclo-[4.4.0.1 24.1 7,i0].3.dodecene; and 
8-Methyl-8-(2,2,2-trifluorocthoxycarbonyl) tetracyclo-[4.4.0.l2.5.i7.i0].3.ciocjecene 

[0035] Further, silyl group-containing mononners include 

5-trimethoxysilyl-2-norbomene, 

5-dimethoxychlorosllyl-2-norbornene, 

5-methoxychloromethylsi!yl-2-norbornene, 

5-methoxyhydridomethylsilyl-2-norbornene, 

5-dlmethoxyhydridosilyl-2-norbornene, 

5-nnethoxydimethylsilyl-2-norbornene. 

5-triethoxysilyl-2-norbornene, 

5-d!ethoxychlorosilyl-2-norbornene, 

5-ethoxychloromethylsilyl-2-norbomene, 

5-dlethoxyhydridosilyl-2-norbomene, 

5-ethoxydimethylsilyl-2-norbomene, 

5-ethoxydiethylsilyl-2-norbonnene, 

5-propoxydimethylsilyl-2-norbornene, 

5-triphenoxysilyl-2-norbornene, 

5-diphenoxymethylsily(-2-norbornene. 

5-trinr»ethoxysilylmethyI-2-norbornene, 

5-(2-trlmethoxysilyl)ethyl-2-norbornene, 

5-(2-dimeThoxychlorosilyl)ethyl-2-norbornene, 

5-(1 -trimethoxysilyl)ethyl-2-norbornene, 

5-(2-trinnethoxysilyl)propyl-2-norbornene, 

5-(1-trimethoxysilyl)propyl-2-norbomene, 

5-triethoxysllylethyl-2-noit>ornene, 

5-dimethoxymethylsilylmethyl-2-norbornene, 

5-trimethoxypropylsilyl-2-norbornene, 

trimethoxysilylpropyI-5-norbornene-2-carboxylate, 

triethoxysilylpropyl-5-norbornene-2-carboxylate, 

dimethoxymethylsilylpropyl-5-norbornene-2-carboxylate, 

trimethoxysilylpropyl-2-nnethyl-5-norbornene-2-carboxylate, 

dimethoxymethylpropyl-2-methyl-5-norbornene-2-carboxylate and 

triethoxysilylpropyl-2-methyl-5-norbornene-2-carboxylate. 
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[0036] Of these specific monomers, 8-methyl-8-methoxycarbonyltetracyclo[4.4.0.l2.5.i7.i0].3,ciodecene, 8-ethyli- 
denetetracyclo-[4.4.0.l2.5M7.i0]-3-dodecehe,8-ethyltetracydo[4.4.0. 12.5.1 7 j0].3.(jod 

19.12 o8.i3j.3.pentadecene are preferred in that the thermoplastic resin compositions having high glass transition tem- 
perature and low moisture absorption are obtained, and 8-methyl-8-methoxycarbonyltetracyclo-[4.4.0.l2.5.i7,i0].3^o. 
decene is particularly preferred. * 

[0037] Above-mentioned specific monomers do not necessarily need to be used alone, and the polymerization re- 
action can also be conducted using two or more of them. 

<Copolymerizable Monomers> ; 

[0038] In the polymerization process for obtaining component (C), above-mentioned specific monomers may be used 
alone, but specific monomers may be copolymerized with copolymerizable monomers. 

[0039] Specific examples of copolymerizable monomers used in this case include olefin compounds each having 2 
to 12 carbon atoms, preferably 2 to 8 carbon atoms, such as ethylene, propylene and butene, and cycloolefins such 
as cyclobutene, cyclopentene, cycloheptene, cyclooctene and dicyclopentadlene. The carbon number of the cycloole- 
fins is preferably from 4 to 20, and more preferably from 5 to 12. 

[0040] Further, specific monomers may be polymerized by ring-opening polymerization in the presence of unsatu- 
rated hydrocari^on polymers having carbon-carbon double bonds on main chains thereof, such as polybutadiene, 
polyisoprene. slyrene-butadiene copolymers, ethylene-non-conjugated diene copolymers and polynori3ornene. The 
hydrogenated products of the ring-opening polymers obtained in this case are useful as raw materials for resins having 
high impact resistance. 

<Ring-Opening Polymerization Catalysts> 

[0041 ] In the present invention, the ring-6pening polymerization reaction is conducted in the presence of a metathesis 

catalyst. f 

[0042] The metathesis catalyst is a catalyst comprising a combination of (a) at least one selected from the compounds 
of W, Mo and Re and (b) at least one selected from the compounds of the group I A elements (for example, Li, Na and 
K) in Deming's periodic table, the group IIA elements (for example. Mg and Ca), the group IIB elements (for example, 
Zn. Cd and Hg), the group IIIB elements (for example. B and Al). the group IVA elements (for example. Ti and Zr) and 
the group IV6 elements (for example, Si. Sn and Pb). each compound having at least one conresponding element- 
carbon bond or corresponding element-hydrogen bond. For enhancing the activity of the catalyst in this case, (c) ad- 
ditives described later may be added. ^ 

<Addition Polymerization Catalysts> 

li 

[0043] As addition polymerization catalysts, there are ordinarily used cationic complexes of the group 8 elements in 
the periodic table such as Nl. Pd and Co, or catalysts forming cationic complexes. 

<Catalysts Used In Obtaining Saturated Copolymers> 

[0044] As a catalyst used for the copolymerization reaction of specific monomers with compounds containing olefinic 
carbon-carbon double bonds, there is used a catalyst comprising a vanadium compound and an organic aluminum 
compound. The vanadium compounds include vanadium compounds represented by general fomriula VO(OR)aXb or 
V (OR)cXjj (wherein R is a hydrocarbon group, 0<a<3, 0<b<3, 2<(a+b)s3, 0<c<4, 0<d<4 and 3<(c-i-d)<4), and electron 
donor addition products thereof. The electron donors include oxygen-containing electron donors such as alcohols, 
phenols, ketones, aldehydes, carboxylic acids, esters of organic acids or inorganic acids, ethers, acid amides, acid 
anhydrides and alkoxysilanes, and nitrogen-containing electron donors such as ammonia, amines, nitriles and isocy- 
anates. As a component of the organic aluminum compound catalyst, there is used at least one selected from com- 
ponents each having at least one aluminum-carbon bond or aluminum-hydrogen bond. 

[0045] As to the ratio of the catalyst components, the mole ratio of aluminum atoms to vanadium atoms (AIA/) is 2 
or more, preferably from 2 to 50, and particularly from 3 to 20. 

<Molecular Weight Modifiers> 

[0046] Molecular weight of the polymer can be modified by the polymerization temperature, the kind of catalyst and 
the kind of solvent. In the present invention, however, it is preferred that one or more molecular weight modifiers are 
allowed to coexist in the reaction system, thereby modifying molecular weight of the polymer. 
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[0047] Preferred examples of molecular weight modifiers include a-olefins such as ethylene, propene, 1-butene. 
1-pentene, 1-hexene, 1-heptene, 1-octene, 1-noneneand 1-decene, andstyrene. Of these, particularly pretended are 

1-butene and 1-hexene. 

[0048] These molecular weight modifiers can be used either alone or as a mixture of two or more of them. 
5 [0049] The amount of molecular weight modifiers used for obtaining the polymer is from 0.005 mole to 0.6 mole, and 
preferably from 0.02 mole to 0.5 mole, per mole of specific monomers used in the ring-opening polymerization reaction. 

<Solvents for Polymerization Reaction> 

10 [0050] Solvents used for the polymerization reaction (solvents for solving the specific monomers, polymerization 
catalysts and molecular weight modifiers) include, for example, alkanes such as pentane. hexane, heptane, octane, 
nonane and decane; cycloaikanes such as cyclohexane, cycloheptane, cyclooctane, decalin and norbornane; aromatic 
hydrocarbons such as benzene, toluene, xylene, ethylbenzene and cumene; alkane halides such as chlorobutane, 
bromohexane. methylene chloride, dichloroethane, hexamethylene dibromide, chlorobenzene, chlorofonn and tetra- 

15 chloroethylene: compounds such as halogenated aromatic compounds; saturated carboxyllc acid esters such as ethyl 
acetate, n-butyl acetate, iso-butyi acetate and methyl propionate; and ethers such as dibutyl ether, tetrahydrofuran 
and dimethoxyethane. These can be used either alone or as a mixture of two or more of them. Of these, preferred are 
aromatic hydrocarbons. 

[0051] In the polymerization reaction, "solvents : specific monomers ratio (weight ratio)" is usually 1 : 1 to 10 : 1, 
20 preferably 1 : 1 to 5 : 1 . 

[0052] Molecular weight of the polymer used in the present invention as Component (C) is suitably within the range 
of 0.2 to 5 in terms of the intrinsic viscosity [t|]. 

<Hydrogenation Catalysts> 

25 

[0053] Polymers obtained as described above can be used as component (C), as such. However, when they have 
carbon-carbon unsaturated bonds except for aromatic double bonds such as olefinic double bonds, it is preferred that 
they are hydrogenated before used as component (C). 

[0054] The hydrogenation reaction is conducted by conventional methods. That is to say. hydrogenation catalysts 
30 are added to solutions of the polymer, and hydrogen gas of ordinary pressure to 300 atm.. preferably 3 to 200 atm.. is 
allowed to act thereon at 0**C to 200*^0, preferably 20**C to 180**C. 

[0055] As hydrogenation catalysts, there can be used catalysts employed in the ordinary hydrogenation reaction of 
olefinic compounds. Heterogeneous catalysts and homogeneous are known as hydrogenation catalysts. 
[0056] Heterogeneous catalysts include solid catalysts in which precious metal catalytic substances such as palla- 
35 dium, platinum, nickel, rhodium and ruthenium are carried on carriers such as cartDon, silica, alumina and titanla. Ho- 
mogeneous catalysts include 

nickel naphthenate/triethylaluminum, 
nickel acetylacetonato/triethylaluminum, 
40 cobalt octenate /n-butyllithium, 

titanocene dichloride/diethylaiuminum monochloride, 
rhodium acetate, 

chloro-tris(triphenylphosphine)rhodium, 
dichloro-tris(triphenytphosphine)ruthenium, 
45 chlorohydrocarbonyltris(triphenylphosphlne)ruthenium and 

dichlorocarbonyl-tris(triphenylphosphine)ruthenium. 

[0057] The iom of the catalysts may be either powdery or glandular. 

[0058] These hydrogenation catalysts are preferably used in such an amount as to give "polymer : hydrogenation 

so catalyst ratio (weight ratio)" of 1 : 1X10'® to 1 : 2. 

[0059] Hydrogenated polymers thus obtained by hydrogenation have excellent heat stability, and it does not happen 
to deteriorate in their properties by heating in shaping and in using as manufactured goods. Here, the hydrogenation 
rate is usually 50% or more, preferably 70% or more, more preferably 90% or more, particularly preferably 95% or 
more, and especially 98% or more. 

55 [0060] The intrinsic viscosity hJ of component (C) used in the present invention, which is measured in chloroform 
at 30**C, is preferably from 0.2 dl/g to 5 dl/g. and more preferably from 0.4 dl/g to 4 dl/g. Exceeding 5 dl/g results in too 
high solution viscosity to cause deterioration of processability, whereas less than 0.2 dl/g sometimes causes a problem 
in strength of a shaped article. 
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[0061] As to molecular weight of component (C), the number average molecular weight (Mn) and the weight average 
molecular weight (Mw) In tenns of polystyrene, which are measured by gel pemieation chromatography (GPC). are 
preferably from 5,000 to 1,000,000, and from 10,000 to 3,000.000. respectively. Further, component (C) having a 
number average molecular weight (Mn) of 8,000 to 700,000 and a weight average molecular weight (Mw) of 20,000 to 
5 1 ,000,000 is suitable. 

Component (D). Styrenic Polymers 

[0062] Styrenic polymers are polymers of aromatic vinyl compounds or copolymers of aromatic vinyl compounds 
10 and monomers copolymerizable therewith. 

[0063] Aromatic vinyl compounds include compounds described in the description of above-mentioned component 

(A) , such as styrene and a-methylstyrene. Copolymerizable monomers include monomers described in the description 
of above-mentioned component (B) (excluding (meth)acrylic acid compounds and derivatives thereof), such as male- 
imide compounds, vinyl cyanide compounds and maleic anhydride. 

IS [0064] Of these, preferred examples of aromatic vinyl compounds are styrene and a-methylstyrene, and a preferred 
example of copolymerizable monomers is acrylonitrile, 

[0065] The content of aromatic vinyl compounds In component (D) Is preferably from 20% to 100% by weight, more 
preferably from 30% to 95% by weight, and particularly preferably from 35% to 90% by weight. 

20 <Thermoplastic Resin Composition > 

[0066] As to the respective themnoplastic resin composition of the present invention, the ratio of components and 
properties thereof will be described. 

25 <Compositton l> 

[0067] Composition I is a thermoplastic resin composition containing component (A), component (B) and component 

(C). 

[0068] Composition I contains, preferably, 1 part to 95 parts by weight of component (A), 1 part to 90 parts by weight 
30 of component (B) and 1 part to 95 parts by weight of component (C). more preferably, 10 parts to 80 parts by weight 
of component (A), 2 parts to 50 parts by weight of component (B) and 1 0 parts to 80 parts by weight of component (C), 
and particularly preferably 30 parts to 50 parts by weight of component (A), 1 0 parts to 30 parts by weight of component 

(B) and 30 parts to 50 parts by weight of component (C) (wherein (A) + (B) + (C) = 100 parts by weight). 

[0069] Themnoplastic resin compositions within these ranges have high heat resistance, good impact resistance and 
35 excellent laser marking adaptability. 

<Composition !!> 

[0070] Composition II is a thermoplastic resin composition containing component (A), component (B), component 

40 (C) and component (D) described above. 

[0071] Composition II contains, preferably, 1 part to 95 parts by weight of component (A), 1 part to 90 parts by weight 
of component (B), 1 part to 95 parts by weight of component (C) and 1 part to 95 parts by weight of component (D), 
more preferably, 30 parts to 50 parts by weight of component (A), 10 parts to 40 parts by weight of component-(B), 30 
parts to 60 parts by weight of component (C) and 5 parts to 15 parts by weight of component (D), and particulariy 

45 preferably 30 parts to 40 parts by weight of component (A), 5 parts to 25 arts by weight of component (B), 30 parts to 
60 parts by weight of component (C) and 1 0 parts to 20 parts by weight of component (D) (wherein (A)+(B)+(C)+(D) 
= 100 parts by weight). 

[0072] Thermoplastic resin compositions within these ranges have high heat resistance, good impact resistance and 
excellent in laser marking properties. 
so [0073] Compositions I and II can be obtained by kneading components (A) to (C) and components (A) to (D), re- 
spectively, using any one of various extruders, Banbury mixers, kneader rolls and the like at a temperature of 250*'C 
to 350*'C. More simply, the respective components can be directly melted and kneaded in a fonning machine to form 
shaped articles. 

[0074] For improving compatibility or dispersibility of respective components in the composition in melting and knead- 
55 ing, unsaturated compounds having a specific functional group such as an epoxy group, a carboxyl group, a hydroxyl 
group, an amino group, an acid anhydride or an oxazoline can be added, and an organic peroxide can further be added 
as needed. Unsaturated compounds containing a specific functional group are preferably added in an amount within 
the range of 0.01% to 30% by weight based on the whole composition. 
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[0075] In addition to above-mentioned indispensable components for the thermoplastic resin composition of the in- 
vention, other polymers can be appropriately added to the thermoplastic resin composition, depending on the perform- 
ance required. Such polymers are selected from, tor example, polystyrene, poiyethyiene, polypropylene, polymethyl 
methacrylate, styrene-methyl methacrylate copolymers, polycarbonates, polyamldes. polybutylene terephthalate, pol- 
yethylene terephthalate, polysulfones, polyphenylene ethers, polyethersulfone polyimldes, polypheny! sulfide, poly- 
ether ether ketones and vinylidene fluoride polymers. 

[0076] Further, thermoplastic elastomers, rubber polymers, fine organic particles and fine inorganic particles may 
be added to the thermoplastic resin composition of the present invention. 

[0077] Furthermore, various additives can be added to the thennoplastic resin composition of the present invention 
as needed. For example, antioxidants as mentioned below can be used. 

2,6-di-t-butyl-4-methylphenol, 

2.2'-dioxy-3,3'-di-t-butyl-5,5'-dimethyldiphenylmethane, 

telrakis [methylene-3-(3,5-di-t-butyl-4-hydroxyphenyl)-propionatelmethane, 

1,1 .3-tris(2-methyl-4-hydroxy-5-t-butylphenyl)butane, 

1,3,5-trimethyl-2,4.6-tris{3,5-di-t-butyl-4-hydroxyben2yl)benzene, 

siearyl-p-(3,5-di-t-butyM-hydroxyphenyl) propionate, 

2.2*-dtoxy-3.3*-di-i-butyl-5,5'-dlethylphenylmethane, 

3,9-bis[1.1-dimethyl-2-(p-(3-l-bulyl-4-hydroxy-5-methylphenyl)propionyloxy)elhyl], 
2,4,8,1 0-tetraoxospiro[5,5]undecane, 
tris(2,4-di-t-butylphenyt) phosphite, 

cycIicneopentanetetraylbis(2,4-di-t-butylphenyl) phosphite, 

cyclicneopentanetetraylbis(2,6-di-t-butylphenyl) phosphite and 2,2-methylenebis(4,6-di-t-butyIphenyl)octyl phos- 
phite, etc. 

[0078] Ultraviolet absorbers such as 2,4-dihydroxybenzophenone, 2-hydroxy-4-methoxybenzophenone. p-t-butyl- 
phenyl salicylate: 2.2'-dihydroxy-4-methoxybenzophenone and 2-(2'-hydroxy-4'-m-octoxyphenyt)benzotriazole, etc. 
can also be used. 

[0079] The addition of such additives can stabilize the thermoplastic resin composition. Further, for improving proc- 
essability, additives such as lubricants can also be added. Examples of lubricants include, for example, paraffin wax, 
stearic acid, hardened oil. stearylamide. methylenebisstearylamide, n-butyl stearate, ketone wax. octyl alcohol and 
hydroxystearic acid triglyceride. 

[0080] These additives are added usually in an amount of 0.1 part to 3 parts by weight, preferably in an amount of 
0.2 part to 2 parts by weight, based on 100 parts by weight of the themnoplastic resin composition. 
[0081] Other additives include, for example, flame retardants such as antimony oxide, aluminum hydroxide, zinc 
borate, tricresyl phosphate, tris(dichloropropyl) phosphate, chlorinated paraffin, tetrabromobutane. hexabromoben- 
zene and tetrabromobisphenol A; and antistatic agents such as stearylamidopropyldimethyl-p-hydroxyethyl and am- 
monium nitrate. Further, known plasticizers and antistatic agents can also be used. 

[0082] Further, fillers such as glass fiber, carbon fiber, glass beads, asbestos, wollastonite. calcium carbonate, talc, 
barium sulfate, rriica, potassium titanate, fluororesins and molybdenum disulfide can be added to the themioplastic 
resin composition of the present invention at the time of their use. These fillers may be used either alone or as a 
combination of two or more of them. Of these, glass fiber and carbon fiber having a fiber diameter of 6 ^m to 60 jim 
and a fiber length of 30 \irr\ or more are preferably used. It is preferred that these fillers are contained in an amount of 
1 part to 150 parts by weight based on 100 parts by weight of thermoplastic resin composition. 

Component (E): Coloring Agents 

[0083] Coloring agents are added to the composition of the present invention, thereby allowing laser beams to be 
absorbed by surfaces of the resins, and converting light energy to heat energy to conduct marking. 
[0084] Component (E) includes organic pigments, inorganic pigments and dyes. 

[0085] As organic pigments, there can be used, for example, azo pigments such as monoazo compounds of the 
acctoacQtallylide family, the pyrazolone family, the 2,3-oxonaphthoylarylamide family, the barbituric acid family, the 
2,4.6-triamino-1 ,3-pyrimidtnG family and the 3-cyano-4-methylpyridone family, and metal salts of azo compounds; diazo 
pigments such as diazo compounds of the acetoacetallylide family, the pyrazolone family and the 2,3-oxonaphthoylar- 
ylamide family; and other organic pigments such as copper phthalocyanine, chlorinated lead phthalocyanine and ul- 
tramarine. 

[0086] Inorganic pigments include, for example, iron oxide red. Titanium Yellow. Titanium Black, Ketjen Black, black 
iron oxide, graphite, carbon black, titanium oxide, copper chromate. zinc sulfide, barium sulfate and calcium carbonate. 
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[0087] Dyes include, for example, anthraqulnone dyes and carbon black-containing black dyes. 
[0088] Component (E) is added In an amount of 0.001 part to 5 parts by weight, preferably in an amount of 0.01 part 
to 4 parts by weight, more preferably in an amount of 0.5 part to 3 parts by weight, based on 1 00 part by weight of the 
thermoplastic resin composition of the present invention. 
5 [0089] Thermoplastic resin compositions of the present invention and shaped articles thereof are excellent in heat 
resistance, strength and processability, and excellent in marking adaptability by laser beams. They are therefore useful 
for various applications. 

[0090] Accordingly, thermoplastic resin compositions of the present invention can be formed into various shaped 
articles by injection molding, sheet-extrusion molding, vacuum forming, deformation molding, foam molding, press 

10 molding, stampable molding and so on. 

[0091] Various shaped articles obtained herein can be used for automotive exterior members and interior members, 
various electric and electronic parts, housing and optical materials, utilizing their excellent properties. 
[0092] Thermoplastic resin compositions of the present invention are excellent in laser marking properties, so that 
lines can be drawn easily and finely on surfaces of shaped articles obtained therefrom. 

15 [0093] As to the conditions of laser marking, an Nd:YAG laser Is used, the frequency is from 2 KHz to 7 KHz. the 
current value is 12 Amp to 18 Amp, and the scanning speed is from 400 mnn/sec to 800 mm/sec. 
[0094] Thermoplastic resin compositions of the present invention can be effectively used for electric parts, electronic 
parts, automotive parts and cases for various recording media, on which printing is made. 

[0095] The present invention will be illustrated with reference to examples in more detail below, but It is to be under- 
go stood that the invention is not limited to the following examples except as defined in the appended claims. "Parts" and 
"percentages" in the following examples and comparative examples mean "parts by weight' and "percentages by 
weight", unless othenAfise specified. 

[0096] The respective properties were measured by the following methods: 

25 Izod Impact Strength (IMP) 

Izod impact strength was measured in accordance with ASTM D256, using a 1/4 inch-thick test piece with a notch 

at23*'C. Unit: Kgf-cm/cm 

Heat Distortion Temperature (HDT) 

Heat distortion temperature was measured in accordance with ASTM D648, using a 1/2 Inch-thick test piece at a 

30 loading of 18.6 kg/cm2. Unit: 

Rockwell Hardness (RH) ' 

Rockwell hardness was measured in accordance with ASTM D735, using two 1/8 inch-thick test pieces overiaid 
with each other and the R scale. 
Melt Flow Rate (MFR) 

35 Melt flow rate was measured in accordance with JIS K7210 under the test conditions of a temperature of 240**C 

and a loading of 5 kg. Unit: g/10 min 
Laser Marking Properties 

Using an Nd:YAG (wavelength: 1064 nm) laser marker (Model RSM30D, manufactured by Rofin Marubeni Laser 
Co., Ltd.), a laser beam was scanned on a surface of a shaped plate (40 mm x 80 mm x 3.2 mm) of a composition 
40 to make printing. 

[0097] The luminance of a printed area and that of a non-printed area were measured using a luminance meter 
(LS1 00, manufactured by Minolta Co., Ltd.). and the laser marking properties were evaluated from the luminance ratio 
according the following criterion: 

45 

O: the luminance of the non -printed area : the luminance of the printed area = more than 1 :5 
A: the luminance of the non-printed area : the luminance of the printed area = 1 :3 to 1 :5 
X : the luminance of the non-printed area : the luminance of the printed area = less than 1 :3 

50 EXAMPLES 1 TO 9 AND COMPARATIVE EXAMPLES 1 AND 2 

Component (A) 

[0098] 

55 

ABS resin; Copolymer of acryionitrile 22%/butadiene aibber 12%/styrene 66% (melt flow rate = 15 g/10 min) 
MASS resin; Copolymer of methyl methacrylate 58%/acrylonitrile 5%/ butadiene mbber 18%/ styrene 19% (melt 
flow rate = 26 g/10 min) 
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AES resin; Copolymer of acrylonitrile 23%/ethylene-propylene rubber 12%/styrene 65% (melt flow rate = 15 a/10 
min) ^ 

ASiS resin: Acrvlonitrile/silicone rubber/styrene copoiymer (melt flow rate = 4 g/10 min) 
AAS resin; Acrylon it rile/acrylic rubber/styrene copolymer (melt flow rate = 5 g/10 mIn) 

Component (B) 
[0099] 

^0 PMMA resin; Methyl methacrylate polymer (melt flow rate = 2 g/10 min) 

MS resin; Copolymer of methyl methacrylate 80%/ styrene 20% (melt flow rate = 2 g/10 min) 

Component (E) 

IS [0100] Titanium Black; manufactured by MITSUBISHI MATERIALS CORPORATION 
Additives 

[0101] Irganox; manufactured by Ciba Specially Chemicals K.K. Component (C) 
<Synthesis Example 1> 
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[0102] A reaction vessel the inside of which was replaced with nitrogen was charged with 250 parts of 8-methvl- 
8-carboxymethyltetracyclo[4.4.0.l2.5.i7,i0].3.ciodecene (specific monomer), 18 parts of 1-hexene (molecular weight 
modifier) and 750 parts of toluene, and this solution was heated to 60°C with stirring. Then, 0.62 part of a solution of 
tnethytaluminum in toluene (concentration: 1 .5 moles/liter) and 3.7 parts of a solution of tungsten hexachlorid© modified 
with t-butanol and methanol (t-butanol : methanol : tungsten = 0.35 mole : 0.3 mole : 1 mole) in toluene (concentration- 
0.05 mole/liter) were added as polymerization catalysts to the solution In the reaction vessel, and the mixture was 
stirred with heating at 80-C for 3 hours, thereby allowed to react by ring-opening polymerization to obtain a solution 
of a nng-opening polymer The polymerization conversion in this polymerization reaction was 97%. The intrinsic vis- 
cosity [Ti] of the resulting ring-opening polymer, which was measured in chlorofomi at 30^*0. was 0 65 dl/g 
[0103] An autoclave was charged with 4.000 parts of the solution of the ring-opening polymer thus obtained and 
0.48 part of RuHCI (CO) [P(C6Hs)3]3 was added to this ring-opening polymer solution, followed by stirring with heating 
under conditions of a hydrogen gas pressure of 100 kg/cm2 and a reaction temperature of 1 65°C for 3 hour^ to conduct 
55 the hydrogenation reaction. 

[0104] After the resulting reaction solution (hydrogenated polymer solution) was cooled, the hydrogen gas pressure 
was released. 

[0105] This reaction solution was poured into a large amount of methanol to separate and recover a coagulum which 
was dried to obtain a hydrogenated polymer (specific cyclic polyolef in resin) (hereinafter referred to as "resin (a)") 
[0106] As to resin (a) thus obtained, the hydrogenation rate was measured using ^H-NMR. As a result it was 99 9% 
Further, the glass transition temperature (Tg) of resin (a) was measured by the DSC method. As a result' it was 1 70''C 
Still further, with respect to resin (a), the number average molecular weight (Mn) and the weight average molecular 
weight (Mw) in terms of polystyrene were measured by the GPC method. As a result, the number average molecular 
weight (Mn) was 39,000. the weight average molecular weight (Mw) was 1 1 6,000. and the molecular weight distribution 
(Mw/Mn) was 2.97. Yet still further, as to resin (a), the moisture absorption at 23''C was measured. As a result, It was 
0.4%. Furthermore, the intrinsic viscosity [ti] of resin (a) was measured in chloroform at 30*C. /Vs a result, it was 0 67 
dl/g. 
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<Synthesis Example 2> 

[0107] A reaction vessel having a volume of 1 liter was charged with 93.75 millimoles of 5-n-hexyl-2-norbornene 
600 millimoles of 2-norbomcne and 31 .25 millimoles of 5-triethoxysilyl-2-norbomene as monomers, 500 g of cyclohex- 
ane as a solvent, and 3.1 millimoles of a molecular weight modifier (l-hexene) in an atmosphere of nitrogen The 
reaction mixture was kept at lO'C, and 0.25 millimole of nickel octanoate [Ni(octanoate)2], 0-5 millimole of trityltetrakis 
(pentafluorophenyl) borate [Ph3C.B(C6F5)3] and 1.0 millimole of triethylaluminum were added thereto, followed by 
polymerization. The polymerization was conducted at 20°C for 2 hours, and tenninated with methanol. The conversion 
ratio to a copolymer was 85%. Then^ 6 g of lactic acid was added to the copolymer solution to allow it to react with the 
catalyst components. The copolymer solution was poured into 4 liters of isopropanol to coagulate the copolymer and 
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the unreacted monomers and catalyst residues were removed. The coagulated copolymer was dried to obtain the 
copolymer. 

[0108] Analysis of the copolymer by ''H-NMR at 270 MHz (methylene absorption of an ethoxysilyl group at 4 ppm, 
solvent: deuterated toluene. TMS standard) showed that the content of a structure derived from 5-triethoxysilyl-2-nor- 

5 bornene was 4.8 mol%. The content of a structure derived from 5-n-hexyl-2-norbornene was 1 4.0 moI% from a cali- 
bration curve by characteristic absorption at 721 cm*"' in infrared absorption spectrum analysis. The copolymer had a 
number average molecularweight of 220,000 and a weightaverage molecular weight of 350,000 in tenns of polystyrene. 
[0109] Above-mentioned respective components were compounded according to formulations shown in Table 1 to 
obtain thermoplastic resin compositions. Properties of the resulting thermoplastic resin compositions are also shown 

10 in Table 1 . 
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[01 1 0] Described are a thermoplastic resin composition containing (A) : one or more rubber reinforced thermoplastic 
resins. (B) : one or more acrylic resins and (C) : one or more thermoplastic norbornene resins, and further containing 
(D): one or more styrenic resins other than (A) and (E): coloring agents as needed, and a shaped article obtained by 
forming the composition. Described thenmoplastic resin composition is excellent in heat resistance, strength and proc- 
5 essability, and excellent in laser marking properties, so that it is useful for various applications. 



Claims 



10 



IS 



20 



25 



30 



35 



5. 



7. 



A thennoplastic resin composition containing (A): one or more rubber reinforced thermoplastic resins. (B) : one or 
more acrylic resins, and (C): one or more thermoplastic norbornene resins. 

A thennoplastic resin composition according to claim 1 , which contains 1 part to 95 parts by weight of (A): one or 
more rubber reinforced thermoplastic resins. 1 part to 90 parts by weight of (B): one or more acrylic resins and 1 
part to 95 parts by weight of (A) : one or more thermoplastic norbornene resins, wherein (A)+(B)+(C) = 100 parts 
by weight. 

A thermoplastic resin composition according to claim 1 , which contains 10 parts to 80 parts by weight of (A): one 
or more rubber reinforced thermoplastic resins. 2 parts to 50 parts by weight of (B) : one or more acrylic resins, 
and 1 0 parts to 80 parts by weight of (C) : one or more thermoplastic norbornene resins, wherein (A)+(B)+(C) = 
100 parts by weight. 

A thermoplastic resin composition containing (A) : one or more rubber reinforced thennoplastic resins, (B) : one 
or more acrylic resins, (C) : ono or more themfioplastic norbornene resins and (D) : one or more styrenic resins'" 
other than (A) . 

A thermoplastic resin composition according to claim 4, which contains 1 part to 95 parts by weight of (A) : one or 
more rubber reinforced thermoplastic resins, 1 part to 90 parts by weight of (B): one or more acrylic resins, 1 part 
to 95 parts by weight of (C) : one or more thermoplastic norbomene resins and 1 part to 95 parts by weight of (D): 
one or more styrenic resins other than (A), wherein (A)+(B)+(C)+(D) = 100 parts by weight. 

A thennoplastic resin composition according to any one of claims 1 to 5, wherein (A): rubber reinforced thermo- 
plastic resins are rubber reinforced styrenic resins. 

A thennoplastic resin composition according to any one of claims 1 to 6, wherein (C): thermoplastic norbomene 
resins are polymers obtained by polymerization of a monomer composition containing at least one monomer rep- 
resented by the following general formula (1): 



40 



45 




(1) 



so 



55 



wherein to independently represent hydrogen atoms, halogen atoms, substituted or unsubstituted hydro- 
carbon groups or other polar groups each having 1 to 30 carbon atoms which may have a linkage group containing 
one or more oxygen, nitrogen, sulfur or silicon atoms; R'' and R2, R3 and R^, or R2 and R3 may combine with each 
other to form a carbocyclic or heterocyclic structure which may be a monocyclic or polycyclic structure resulting 
in forming an aromatic compound or aliphatic compound; m is 0 or a positive integer; and p is 0 or 1 (wherein when 
m is 0. p is also 0). 

8. A thermoplastic resin composition according to any one of claims 1 to 7. wherein (C): thermoplastic norbomene 
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resins have at least one polar group in their moiecule. 
^. r« •■••w.iiiiwfrfiB.tft.iw ivoiii wwMi|./\/oiiiv/ii a\^wwi\jiii^iw any uiio VII k^iaiiiia i tu o, luiuierconiains (c): CoioriiiQ agefits. 
5 10, A shaped article obtained by forming the thermoplastic resin composition according to any one of claims 1 to 9. 
11. A shaped article according to claim 10, wherein marking is made with laser beams thereon. 
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